Flavour changing neutral current decays of heavy flavoured hadrons are suppressed in the Standard Model and can be used to search for new physics contributions. We report a summary of the latest results from the LHCb collaboration on rare decays of beauty and charm hadrons.
Introduction
Rare decays of b and d hadrons are suppressed or forbidden in the SM and thus constitute a very sensitive environment for the study of NP. Since they mostly occur via loop diagrams, new particles -with masses up to higher scales than those directly accessible-could affect these loops and modify properties of decays, such as branching fractions, angular disttributions of decay products or CP asymmetries. In case of agreement with the SM predictions, the obtained results can be used to set constraints on the possible NP contributions.
The LHCb experiment [1] , dedicated to the study of heavy flavor physics at the Large Hadron Collider (LHC), is very well suited for these kind of searches. It profits from the large bb and cc cross sections at the LHC thanks to highly performing trigger [2] and particle identification [3] systems, which allow, in combination with excellent tracking capabilities, for a precise determination of secondary vertices, impact parameters and momenta.
The latest results obtained for the search of the B • Background from random combinations of tracks, the so-called combinatorial background, is suppressed using multivariate techniques based on the kinematical properties of the decays.
• Specific backgrounds that peak in the signal region are reduced by making use of dedicated rejection criteria.
• Control channels are used wherever possible to develop selection criteria, and to assess signal and background shapes. The aim in all cases is to reduce, as much as possible, the reliance on simulation.
• Branching fractions are measured by normalizing to control channels using the formula
where ε corresponds to the selection efficiency, f is the B fragmentation fraction, N is the yield and the κ parameter accounts, in some cases, for the S-wave contributions to the normalization channel yield. In this way, the uncertainties coming from the imperfect knowledge of the luminosity and the bb and cc cross sections can be avoided.
Search for
The B (s) → µ + µ − decays are flavor changing neutral currents (FCNC) and therefore are only allowed at loop level within the SM. In addition, they are further suppressed by the the GIM
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Rare Beauty and Charm Decays at LHCb Albert Puig mechanism and by their helicity structure. The SM prediction for their (CP averaged) branching fractions is [4] 
which, as discussed in [5] , has to be corrected for the finite width difference in the B 0 s system [6] . Therefore, the prediction for the B 0 s branching fraction within the SM is estimated to be B(B 0 s → µ + µ − ) = (3.54 ± 0.03) × 10 −9 . Contributions from new processes or heavy particles, for example in the context of MSSM at large tan β , could significantly enhance these branching fractions.
This analysis is performed on the 1.0 fb −1 data sample collected in 2011 at 7 TeV center of mass energy combined with an additional 1.1 fb −1 of data collected at √ s = 8 TeV in 2012 [7] . Candidates passing a soft preselection are classified according to their dimuon mass and the output of a multivariate (Boosted Decision Tree, BDT) discriminant built from topological and kinematical variables and trained with bb → µ + µ − X, where X is any set of particles, as background and MC simulation for the signal.
The analysis strategy consists in deriving the expected number of background and signal events in each bin for a given B hypothesis and then to compare these numbers with the observed ones making use of the CL s method [8] , which provides a measure of the compatibility of the observed distribution with the signal plus background and background-only hypotheses. An inclusive B 0 → h + h − sample, selected as the signal except for the particle identification cuts, is used as control channel for the extraction of the signal BDT and mass distributions from data. The combinatorial background distribution is determined from the mass sidebands by interpolating into the mass region. The peaking background BDT shape is assumed to be the same as the signal one, while its mass distribution is determined from simulation. In the extraction of the branching ratio, two normalization channels, B + → J/ψ K + and the exclusive B 0 → K + π − , are averaged.
A simultaneous unbinned maximum likelihood fit to the mass projections in the BDT bins is performed to extract the signal distribution . The signal mass region is then divided in bins, and in each bin of mass and BDT output the number of expected and observed yields is compared. The comparison yields that the probability that the background processes can produce the observed number of B 0 s → µ + µ − , obtained by the CL s method (Fig. 1 ) is 5 × 10 −4 , which corresponds to a statistical significance of 3.5σ . This is the first evidence for the B 0 s → µ + µ − decay, which is observed a branching fraction
consistent with the SM expectation. In the case of B 0 → µ + µ − , the data in the signal mass window are consistent with the background expectation and the world's best upper limit is set ( Fig. 1) at
The B (s) → µ + µ − µ + µ − decays are strongly suppressed in the SM. They contain two contrbutions: a resonant one, in which two opposite-charged muons come from a J/ψ and the other two from
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Albert Puig a φ (Fig. 2a) , with a branching fraction of (2.3 ± 0.9) × 10 −8 in the SM [9] , and a non-resonant one (Fig. 2b) , expected to have a branching fraction lower than 10 −10 [10] . These branching fractions can be enhanced in the MSSM via the production of a scalar S and pseudoscalar P sgoldstinos, each decaying into a muon pair (Fig. 2c) ; this makes the B (s) → µ + µ − µ + µ − decay particularly sensitive to NP scenarios. In this analysis [11] , the resonant B 0 s → J/ψ φ component is removed and used as a control sample for the development of the selection criteria. In addition, the decay B 0 → J/ψ K * 0 , with J/ψ → µ + µ − and K * 0 → K + π − , is used as a normalization channel for the extraction of the
Both the signal and the control channel selection criteria are based on particle identification, separation between the B vertex and the primary vertex and the quality of the B decay vertex. Cut values are kept the same in both cases, except for the particle identification requirements on the daughters of the K * 0 .
Sources of peaking background to
, have been studied and found to be negligible. Therefore, the only considered background in the signal fit is that coming from random combinations of muons, which is estimated from the
Rare Beauty and Charm Decays at LHCb Albert Puig mass sidebands, where no signal is expected. No evidence of signal is found, so upper limits are set for the non-resonant component within the SM [11] B(B
and for the MSSM, assuming the masses of the sgoldstinos to be m S = 2.5 GeV/c 2 and m P = 214 MeV/c 2 :
are forbidden at tree level in the SM and can only happen in loops, either through penguin or box diagrams. Possible NP effects could arise in these loops from right-handed currents or new operators, resulting in large deviations from SM predictions.
The B 0 → K * 0 µ + µ − decay is very rich in observables, which can help in constraining the size of NP. Its helicity structure can be tested through the distributions of three angles -the helicity angle of the muon, θ l , between the µ + (µ − ) in the dimuon rest frame and the dimuon in the B 0 (B 0 ) rest frame, between the kaon in the K * 0 rest frame and the K * 0 in the B 0 rest frame, the helicity angle of the kaon, θ K , between the kaon in the K * 0 rest frame and the K * 0 in the B 0 rest frame, and the angle φ between the decay planes of the dimuon and the K * 0 systems in the B 0 rest frametogether with q 2 , which completely describe the kinematics of the decay.
In the analyses reported here [12, 13] , the B 0 → K * 0 µ + µ − differential branching fraction, angular observables and A CP are measured in bins of q 2 . For the normalization of the branching fraction, shown in Fig. 3 , as well as for the extraction of the production and detection asymmetries for A CP , the B 0 → K * 0 J/ψ channel is used. 
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The full B 0 → K * 0 µ + µ − differential decay distribution is parametrized by six q 2 dependent amplitudes. However, due to the low statistics, a symmetry of the system is exploited and a reduced expression for the angular distribution, containing only four observables (A FB , F L , S 9 and S 3 ), is obtained. The rate averaged values of these observables are obtained by means of an unbinned maximum likelihood fit to the invariant mass and the angular distribution of the candidates, and the results are shown, together with SM predictions [14] , in Fig. 4 [13] . These are the most precise measurements of these quantities to date and are consistent with the SM predictions.
Furthermore, in the SM, the forward-backward asymmetry of the dimuon system changes sign at a well-defined point in q 2 , which is largely free from form-factor uncertainties. The first measurement of this zero-crossing point is performed, yielding The CP asymmetry of B 0 → K * 0 µ + µ − has also been measured in bins in q 2 , as shown in Fig. 5 . Values have been obtained by averaging over magnet polarities and production and detection asymmetries are extracted from B 0 → K * 0 J/ψ . The result, consistent with the SM prediction within 1.8σ , is the most precise measurement to date. In addition, A CP is integrated over the full q 2 range, obtaining A CP = −0.072 ± 0.040 (stat) ± 0.005 (syst) . 5. B 0 → K * 0 e − e + branching fraction at low dilepton mass
In the SM, the photon helicity is predominantly left-handed, with a small right-handed current arising from long-distance effects and the quark masses. Information on the photon polarization can be extracted from the B 0 → K * 0 l + l − decays in the low q 2 region, where the photon contribution is dominant. Due to the lower lepton mass, B 0 → K * 0 e + e − has a higher sensitivity to photon polarization than B 0 → K * 0 µ + µ − , and is considered complementary to it due to its higher sensitivity to the Wilson coefficient C 7 , compared to C 9 . It suffers, however, from worst resolution due to the sizeable Bremsstrahlung effects.
In the analysis presented here [15] , the differential branching fraction of B 0 → K * 0 e + e − is studied in the dilepton invariant mass range 30 < m e + e − < 1000 MeV/c 2 . The chosen range minimizes the contamination from B 0 → K * 0 γ and avoids multiple scattering effects at low masses, which make angles very difficult to measure. The B 0 → J/ψ (→ e + e − )K * 0 decay has been used to control the signal shape and as normalization channel.
Radiative B 0 → K * 0 γ decays with photon conversion are specifically removed with a cut on the conversion vertex, while B 0 → D − (→ e − νK * 0 )e + ν is removed requiring m K * 0 e − > 1.9 GeV/c 2 . Remaining backgrounds are combinatorial, B 0 → K * 0 γ and partially reconstructed B decays.
The data are separed into two samples according to the hardware trigger: events which have triggered on one of the electrons (HWElectron) and events which have triggered on another particle of the event (HWTIS), on the right and left in Fig. 6 , respectively. The signal decay has been observed with 4.6σ significance with a branching fraction of
where the systematic uncertainties are well below the statistical ones. Future improvements will include an angular fit, from which the photon polarization can be extracted.
Rare [16] . No b → dl + l − transitions have been previously detected, since in the SM they are suppressed relative to b → sl + l − by |V td | 2 /|V ts | 2 ; this suppression does necessarily apply to models including NP, and B + → π + µ + µ − may be more sensitive to the effect of new particles than
Search for
These decays provide an alternative way of measuring |V td | 2 /|V ts | 2 with respect to radiative decays and mixing processes:
where f corresponds to the ratio of relevant form factors and Wilson coefficients integrated over the relevant phase space. The analysis presented here [17] makes use of B + → K + J/ψ (→ µ + µ − ), which is explicitly vetoed, for extracting the signal shape, the misidentified B→ Kµ µ shape and also as a normalization channel. After the selection, remaining backgrounds are the combinatorial, partially reconstructed B decays and the peaking B + → K + µ + µ − and B + → π + π − π + , which arise from particle misidentification.
The B + → π + µ + µ − , B + → K + µ + µ − and B + → J/ψ K + yields are extracted from a simultaneous fit to the invariant mass distributions of B + → J/ψ K + , B + → J/ψ K + with K → π mass hypothesis, B + → π + µ + µ − and B + → K + µ + µ − . The fitted yield for B + → π + µ + µ − , shown in Fig. 7 , corresponds to an observation with 5.2σ significance. In addition, a branching fraction of
compatible with the SM prediction, is measured.
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Rare Beauty and Charm Decays at LHCb Albert Puig Taking the measured B + → K + µ + µ − and the relative efficiencies to the signal channel, Eq. 6.1 allows to calculate
which is compatible with previous determinations and does not include theoretical uncertainties, e.g., those raising from form factors.
Search for
FCNC processes in the D meson system, contrary to the case of the B mesons, suffer an almost exact GIM cancellation and therefore are more suppressed, leading to expected branching fractions in the SM of O(10 −9 ). NP effects could increase this branching fraction up to an order of magnitude [18] .
The presented study [19] searches for non-resonant D 
PoS(KAON13)011
The considered backgrounds are the combinatorial and the peaking D + (s) → π + π − π + decay with double µ → π misidentification. A simultaneous fit to the π + µ + µ − invariant mass is performed in each of the m(µ + µ − ) bins in order to extract the non-resonant D + (s) → π + µ − µ + signal. No signal is observed, and therefore an upper limit is set using the CL s method,
at 90% (95%) C.L. , at 90% (95%) C.L. ,
improving two orders of magnitudes over previous measurements. However, LHCb has observed very rare decays never observed before, has pushed further the limits on those that have not been observed and has studied the properties of those already known with greatly improved precision, including some measurements never performed before.
Conclusions
Data collected in 2012, which doubles the statistics collected in 2011 and has not been presented here, will allow to obtain a deeper understanding of rare decays in the B and D sectors and will allow to further constrain the possible new physics contributions.
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